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PREFACE. 


By Josep A. HoLMEs. 


The establishment on July 1, 1910, of a National Bureau of Mines 
on a permanent basis, and the transfer, for continuance under this 
bureau, of the fuel investigations organized and conducted, 1904 to 
1910, under the United States Geological Survey, were considered 
as making a suitable occasion for assembling for publication in con- 
venient form a description of those investigations, the methods fol- 
lowed, the equipment used, and the results obtained. The larger 
part of the data was assembled in three reports, of which the first 
(Bulletin 13), on the fuel tests made in gas producers, and the sec- 
ond (Bulletin 23), on the fuels tested in boiler furnaces, have been 
published. The present report, which gives the chemical analyses 
of the coals tested and a statement regarding the mines and beds 
from which these coals were collected, is the third of the group. 

Much of the material has already been published in various bulletins 
of the Geological Survey, but most of those bulletins are now out of 
print and some of the material has not yet been published. Hence, 
it was deemed wise to bring together all the information, both pub- 
lished and unpublished, that may have special value and to publish 
it in convenient form. A résumé of certain additional data covering 
the briqueting of the fuels tested will be similarly segregated and 
published in a future bulletin of the Bureau of Mines. 

When Congress authorized this work in 1904, the Director of the 
United States Geological Survey placed its supervision under a com- 
mittee consisting of E. W. Parker and M. R. Campbell, of the Geo- 
logical Survey, and the present writer. This committee selected 
as its consulting experts Prof. Robert H. Fernald, then of the mechan- 
ical-engineering department of Washington University, St. Louis, to 
take charge of the gas-producer investigations; Prof. Lester P. 
Breckenridge, then of the mechanical-engineering department of the 
University of Illinois, to take charge of the boiler and steaming inves- 
tigations; and Prof. Nathaniel W. Lord, then of the chemical depart- 
ment of the Ohio State University, to take charge of the chemical 
work. 

In planning the fuel investigations, the committee found that there 
were limitations as to equipment available; no satisfactory methods 
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had been developed; and few experts had been adequately trained 
for such investigations. Nevertheless, it was believed that, if prop- 
erly carried on, ‘the results of these investigations would have a large 
and permanent value. Therefore, the coals used in the investiga- 
tions were selected and collected in such manner as to insure their 
being representative of actual and extensive resources. 

During 1905 and subsequent years the administrative supervision 
of these investigations was assigned by the Director of the Geological 
Survey to the present writer, but the technical advice of Profs. 
Lord, Breckenridge, and Fernald was followed throughout, and the 
administrative plans developed during the work of 1904 so largely 
by Messrs. Parker and Campbell, with whom the writer was asso< 
ciated, have continued to serve as a general guide. 


ANALYSES OF COALS IN THE UNITED STATES. 
By N. W. Lorn. 
INTRODUCTION. 


SIGNIFICANCE AND VALUE OF ANALYSES OF COAL. 


The value to an engineer, power-plant superintendent, or coal 
dealer of the chemical analysis of a sample of a given coal is a matter 
that has given rise to much discussion. The general weight of 
opinion seems to be that an analysis is often of the highest value, 
and that the time and labor involved in making it are well spent. 
However, it is clear that analyses are of greater value to some engi- 
neers or users of coal than to others; and that, at the present time, 
they can not entirely supplant in all cases the information to be 
obtained from carefully conducted tests in boiler furnaces, gas pro- 
ducers, etc., but supplement such information, when the latter is 
obtainable. 

A large and increasing proportion of the bituminous coal con- 
sumed in the power stations and the larger manufacturing plants of 
the country is now being purchased under specifications based on 
chemical analyses and calorimetric determinations of heat units. 
In many of these cases, however, specifications are applied to coals 
whose general behavior in the furnace is already known and are used 
with a view to determining whether, or how closely, the quality of 
the various deliveries of coal received from time to time compares 
with the percentages of moisture, ash, sulphur, volatile matter, and 
the heating value specified in the contract. The large increase in the 
number of chemical analyses now being made throughout the country 
in connection with the purchase, under some form of specification, 
of coal for power plants is in itself testimony by the engineers in 
charge of those power plants of the value of such analyses. 

The cost of shipping coal a considerable distance in sufficiently 
large quantities for practical boiler tests and the difficulties and 
delays incident to the making of such tests while a power plant is 
in active operation have encouraged the use of chemical analysis as a 
quicker and cheaper means of determining the relative values of 
different coals and of different shipments of the same coal. The 
acceptance of and payments for deliveries of coal to various power 
and heating plants operated by the Government in different parts 
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of the country are now largely based upon chemical analyses and 
calorimetric determinations. 

In the testing of coals in the Government service the chief diffi- 
culties in the way of accepting or rejecting untried coals on the basis 
of chemical analyses alone have proved to be as follows: 

(1) An ordinary analysis of a coal shows the percentage of ash 
but does not indicate the extent to which this ash may fuse or slag 
on the grate bars of the furnace, and thus seriously interfere with the 
rate and completeness of the combustion. Though progress has been 
made toward the determination of the liability to clinker, through a 
study of the composition of the ash, the results obtained are not as 
yet altogether satisfactory. 

(2) There seems to be a variability in the heating value of the 
volatile matter in the coal, which is not clearly indicated by the 
percentage of the volatile matter, as determined either by the usual 
methods, or by the ordinary calometric determinations. 

(3) The caking of the surface coal in the fire box appears to inter- 
fere with the draft, and hence, with the rate and completeness of the 
combustion, and therefore impairs the fuel value of the coal to a degree 
that is not ordinarily indicated by chemical analyses. 

The Bureau of Mines has endeavored to ascertain the opinions of 
some of the most prominent fuel engineers in this country, and 
extracts from the statements of several of them are given below. 

W. M. F. Goss, Urbana, Ill., dean of the college of engineering of 
the University of Illinois, states: 

The engineer each year is becoming more and more a scientist. Many matters 
which he has hitherto left to chance are now carefully investigated. In the use of 
fuels the engineer now seeks to construct his furnace and to arrange its heat-absorbing 
surfaces with reference to the peculiar characteristics of the fuel which is to be burned. 
If he understands the composition of his fuel and if he is free to proceed with the 
construction of his furnace with reference thereto, efficient and smokeless combustion 
will result. It is for this reason that data showing the analyses of typical fuels in 
every part of the country will prove of inestimable value in the future work of the 
engineer. 


W. L. Abbott, Chicago, Ill., chief operating engineer of the Com- 
monwealth Edison Co. of Chicago, IIl., expresses the following views: 


It is usually the case that for any particular market the choice of coal is limited 
by quality and freight rates to one or two fields, throughout which the character of the 
coal in the bed is comparatively uniform, and any variation which may be found in 
the shipments at different times or from different mines is due to difference in method 
or care in preparation. The value, therefore, of having at hand a chemical analysis 
of the coal from any particular district is to have a standard to which future analyses 
may be compared to determine whether or not the coal is being prepared as carefully 
as it should be. 

Such a tabulation of coal analyses is also of value to the consumer, as it enables him 
to determine to what other fields he should turn next for his coal if the supply from the 
field from which he usually gets his coal is interrupted. 
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The coal supply of the country involves an expenditure of hundreds of millions of 
dollars annually, and its importance is such as to warrant the most careful study of 
all its features. The basis for such a study is a knowledge of the chemical composi- 
tion of the coal from each location and bed, and as the expense of obtaining such 
information is infinitesimal compared with the importance of the subject to which it 
relates, this work should be done with the greatest detail and care. 

J. F. Deems, New York, general superintendent of motive power 
department of the New York Central lines, says in regard to the 
value of chemical analyses: 

Where more than one kind or grade of coal is obtainable, there is little doubt that 
a chemical analysis is of value to any consumer, and especially to a large consumer, 
for the information obtained from the analysis has a large part in enabling him to make 
a choice of the coal. In the case of certain purposes for which coal is used, it seems 
to me accurate chemical analyses of the coals offered for use are indispensable. 


L. P. Breckenridge, professor of mechanical engineering, Sheffield 
Scientific School, Yale University, expresses his views as follows: 

The value of a correct chemical analysis of the various coals of the United States is of 
great importance to designing and operating engineers and to the fuel departments of 
railroads, steamship companies, and large industrial concerns. These analyses, taken 
with the large number of available economy tests on boilers and gas producers, make 
it possible for the engineer to determine in advance what fuels he may expect to burn 
with the greatest economy in any given locality. The wide variations in composition 
and heat values of coals distributed through the various States make such analyses 
indispensable for the designers of fuel-burning furnaces for boilers, gas producers, or 
metallurgical industries. 

The analyses published in this report cover samples of coal col- 
lected in many different parts of the country with unusual care by 
experienced men, in such manner as to make them representative of 
extensive beds of coal. These samples were forwarded to the labora- 
tory under favorable conditions and carefully analyzed by chemists 
trained in this special line of work. When many of these analyses 
were made it was not expected that the results would be published; 
but the calls from all parts of the country for this information have 
been so numerous that publication of the analyses is deemed advisable. 
It is hoped that the analyses as printed in this report will be found 
useful not only by officers of the Government in making purchases 
of fuel for public use, but also by engineers and chemists and by all 
persons who buy or sell coals purchased or sold in the United States, 
and that they may prove of especial value in connection with the 
export of coal to other countries. 
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SCOPE OF THIS BULLETIN. 


On July 1, 1910, the fuel-testing investigations that were being car- 
ried on by the technologic branch of the United States Geological Sur- 
vey were transferred to the Bureau of Mines. Up to that date 10,000 
samples of coal had been analyzed. Many of the analyses have been 
printed in various publications of the survey and of the Bureau of 
Mines. This bulletin presents analyses of mine and car samples only, 
and does not contain the analyses of the various samples taken in the 
course of steaming, gas producer, coking, washing, and briquetting 
tests. The analyses of these test samples may be obtaimed by con- 
sulting the publications dealing with fuel testing that have been issued 
by the Bureau of Mines and the Geological Survey. A list of these 
publications is given at the end of part IT of this report. 


COLLECTION OF SAMPLES. 


The samples of coal mentioned in this report may be separated 
into two classes: (1) Those collected in mines by engineers connected 
with the Government fuel-testing plants or taken from cars after 
delivery at the fuel-testing plants, and (2) samples collected by 
geologists of the Geological Survey in the course of investigations 
in the various coal fields of the country. 

The method of collecting mine samples that is practiced by the 
Bureau of Mines has been described in one of the bureau’s publica- 
tions,? and is summarized in part II of this bulletin. It involves 
selecting a representative face of the bed to be sampled; cleaning 
the face, making a cut across it from roof to floor, and rejecting or 
including impurities according to a definite plan as these are included 
or excluded in mining operations; reducing the gross sample, by 
crushing and quartering, to about 2 pounds; and immediately seal- 
ing the 2-pound sample in an air-tight container for shipment to the 
laboratory. 

It is expected that in future work 3-pound samples will be collected 
and sent to the laboratory for analysis. 

The carload lots of coal shipped to the fuel plants were sampled by 
taking definite quantities of coal at regular intervals from a car as 
it was unloaded, and by reducing to convenient size, about 2 pounds, 
the gross samples thus obtained. 


ANALYSIS OF SAMPLES. 


The methods used in analyzing the samples of coal and the signifi- 
cance of the results are discussed by Stanton and by Fieldner in the 
chapters that follow. The essential fact to be remembered is that 


a Technical Paper 1, The sampling of coal in the mine, by J. A. Holmes. 1911. 12pp. | 
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the coal received at the laboratory is air dried at a temperature 
slightly above that of the room, and this air-dried coal is analyzed. 
Therefore the values stated in the table of analyses (pp. 33 to 321) 
for coal ‘‘as received,” ‘‘ moisture free” and “moisture and ash free”’ 
were not obtained directly, but were calculated from the values 
obtained by the analyses of the air-dried coal. 


RELATIONS OF MINE SAMPLES TO COMMERCIAL SHIP- 
: MENTS. 


The relation between a mine sample of coal and the average of the 
coal shipped from the same bed in the regular course of production 
is a matter that received much attention during the course of the 
work covered by this report. Some results of a comparison of the 
analyses of samples collected in the progress of the work at St. Louis 
were presented in a bulletin of the Geological Survey,* but the work 
done since then does not tend to support the view, expressed in that 
bulletin, that by sampling according to a prescribed method such a 
definite relationship can be established between mine samples and 
commercial shipments that by the use of a factor the chemical con- 
stituents of the commercial output from a given bed, or even from a 
given region, may be calculated. 

Experience has demonstrated that mine samples carefully taken 
according to prescribed methods are apt to indicate coal of slightly 
better grade than the average commercial shipments from the same 
mine. 

The reason for this difference is easily found. The miner, being 
paid by the ton, shovels up the coal in a hurry, and is liable to load 
out impurities that the trained collector would be inclined to exclude 
from a mine sample. Moreover, if the roof chips and falls on ex- 
posure, or if the floor comes up in flakes under the shovel, impurities 
that are not from the coal bed are sent to the surface with the coal. 
The proportion of the impurities separated at the surface depends 
on the closeness of the tipple inspection, which may vary with trade 
conditions, and on the efficiency of whatever cleaning devices are 
employed. 

The fact that mine samples are apt to indicate coal of slightly better 
grade than average commercial shipments should be borne in mind by 
operators and sales agents when bidding on contracts that specify 
the ash content, heating value, or other characteristics of the coal 
to be delivered, and impose a penalty on the delivery of coal below 
the standard named. Bids on such contracts should not be based 
solely on mine samples but on samples from shipments of some size, 
mined and prepared under conditions that can be maintained during 
the life of a contract. 


— 


a U.S. Geol. Survey Bull. 316, 1908, pp. 486-517. 


LABORATORY METHODS.? 


By Freperic M. Stanton. 


INTRODUCTORY STATEMENT. 


A laboratory for analyzing fuels was organized by the United 
States Geological Survey in 1904. This laboratory was first located in 
the metal pavilion at the Louisiana Purchase Exposition, St. Louis, 
Mo. At that time it was a part of the Government fuel-testing plant, 
and was designed for making chemical analyses of the fuels tested 
at the plant. 

The laboratory was equipped under the direction of N. W. Lord, 
professor of metallurgy in Ohio State University, Columbus, Ohio. 
E. E. Somermeier, assistant professor of metallurgy in Ohio State 
University, had local charge of the laboratory until September, 1905. 
He then resumed his university duties, but still retained general super- 
vision of the work of the laboratory, which was under the local charge 
of F.M.Stanton. In the summer of 1907 the laboratory came under 
the immediate charge of the technologic branch of the Survey and was 
moved from St. Louis, Mo., to the Carnegie technical schools, in Pitts- 
burg, Pa. Prof. Lord was retained as consulting chemist and F. M. 
Stanton was given charge of the laboratory. 

In 1908, the laboratory was moved to the grounds of the United 
States Arsenal at Fortieth and Butler Streets, Pittsburg, Pa., where 
one of the arsenal buildings was remodeled to accommodate it. In 
July, 1909, A. C. Fieldner was placed in local charge of coal analysis. 
As many as 10 chemists have at times been at work simultaneously. 


PERSONNEL. 


The following list includes the names of all who had been directly 
connected with the chemical laboratory up to July 1, 1910: John 
Birdsong, J. H. Bauer, D. I. Brown, G. A. Burrell, John Crawford, jr., 
A. T. Davenport, E. M. Dawson, jr., Fred Deering, C. D. Dunnington, 
Colby Dill, J. D. Davis, John Dalton, D. J. Demorest, A. C. Fieldner, 
C. B. R. Fitzwilliam, C. K. Glycart, Max Hecht, S. S. Heide, R. T. 
Hapgood, Harold Isenberg, W. W. Karnan, Prof. N. W. Lord (direc- 
tor of laboratory), Joseph Millenson, John McCalip, C. J. Monahan, 
B. G. Macintire, W. L. Maclaskey, L. L. A. Moran, F. K. Ovitz, J. W. 
Peters, Charles Rowlands, John Sherrer, E. E. Somermeier, F. M. 
Stanton, W. E. Surbled, G. O. Spitler, Roy Steward, E. Sohn, John 


aFor a discussion of details and modifications developed since the compilation of this report, see 
Technical Paper 8, Bureau of Mines, Methods of analyzing coal and coke, by F. M. Stanton and A. C. 
Fieldner, 1913. 
10 
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F. Travis, Edward Thomas, R. E. Vennum, K. M. Way, Paul Wilson, 
E. C. Waters, G. E. Webster, R. C. Willis, jr., Robert Zaloudek. 


AIR DRYING OF SAMPLES. 


The coal samples are received at the laboratory in cans which con- 
tain about 2 pounds of coal. The cans are fitted with a screw cap and 
are made practically moisture tight by wrapping a piece of electrician’s 
tape around the joint between the cap and the top of the can. The 
coal is crushed to pass a screen with }-inch mesh before it is shipped 
to the laboratory. Immediately after the receipt of the sample the 
coal is removed from the container and weighed; then it is spread out 
in a 9-inch tin cake pan and dried in a large drying oven at a temper- 
ature of 30 to 35° C. A current of warm air is drawn through the 
oven by means of an ordinary 8-inch electric fan mounted in an ex- 
haust flue on top of the oven. The sample is dried until the loss in 
weight between two successive weighings made 6 to 12 hours apart 
does not exceed 0.2 per cent. The primary purpose of this air 
drying of samples before analysis is to get the moisture content of the 
sample reduced to such a condition that there will not be rapid changes 
in the weight of the sample during the course of the analysis. The 
air-drying loss is not regarded as an accurate determination; it 
simply shows that the sample lost so many per cent of moisture before 
it came to a condition of equilibrium with respect to the moisture in 
the air of the room. 

After being air-dried, the sample is put through a pair of 4-inch 
rolls, which reduce it to about 10 mesh; it is then quartered through 
riffes until the portion left weighs about 400 grams. This 400-gram 
portion is placed in the porcelain jar of an Abbe ball mill, and is sealed 
air and moisture tight by a rubber gasket under the lid. The mill 
is revolved at the rate of 1 revolution per second for about 35 minutes 
depending upon the character of the sample; it is then opened and 
the sample is dumped into a 60-mesh sieve that has a cover and a pan 
bottom attached. All the sample (400 grams) is put through this 
60-mesh sieve and is then thoroughly mixed. 

About 60 grams of the sample is transferred to a wide-mvouth bottle 
having a rubber stopper and labeled with the laboratory number and 
the date. This 60-gram portion represents the 2-pound sample 
received and is ready for chemical analysis. 

The samples from the steaming, gas-producer, coke-oven, and 
other tests are received at the laboratory in covered galvanized-iron 
cans containing about 40 pounds of coal. Each of these samples is 
reduced to }-inch mesh by being passed through a “chipmunk”’ jaw 
crusher, and after being quartered to a portion weighing about 2 — 
pounds, is treated exactly as a mine sample received in a 2-pound 
can. 
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METHODS OF ANALYSIS. 


The methods employed in analyzing coals during the period cov- 
ered by this report were essentially those adopted and recommended 
by the American Chemical Society. A few modifications in details 
of manipulation have been found desirable. Reference to these is 
made in United States Geological Survey Bulletin 323 and in Technical 
Paper 8, Bureau of Mines. The methods employed at present in the 
chemical laboratory of the Bureau of Mines are as follows: 


MOISTURE AND ASH. 


A 1-gram sample of the coal (60 mesh) is placed in a weighed 
porcelain crucible and heated one hour at 105° C. in a constant- 
temperature oven through which a current of dry, preheated air is 
circulated. The sample is then covered, removed from the oven 
and cooled in a desiccator over sulphuric acid. The loss in weight is 
counted as moisture. 

The oven is a double-walled copper cylinder. The space between 
the outer and inner wall is filled about two-thirds full of a solution of 
glycerin in water, the proportions of water and glycerin being such 
that the boiling solution maintains a temperature of 105° C. in the 
oven. The specific gravity of this solution is 1.19 at 15°C. A return 
condenser keeps the concentration nearly constant. A current of air 
is dried by being drawn through sulphuric acid and is preheated by 
being passed through a copper tube around the oven between the outer 
and the inner wall. This dry air is forced through the oven at a rate 
sufficient to replace the total volume of air 8 to 10 times in one hour. 
This form of bath was designed by Prof. N. W. Lord. Practically no 
trouble is experienced in maintaining a constant temperature with it. 

The porcelain capsule, after the moisture determination, is placed 
in a muffle furnace and slowly heated until the volatile matter in the 
sample is driven off. The heating is done slowly, to avoid coking and 
thus making the sample difficult to burn; furthermore, if the coal is 
high in volatile matter and is rapidly heated, the gas generated has a 
tendency to explode within the capsule, thus causing the loss of 
particles of the ash. The ignition in the muffle is continued, the ash 
being occasionally stirred, until all particles of carbon disappear. 
The crucible containing the ash is then cooled in a desiccator and 
weighed. The crucible and ash are again placed in the muffle, heated 
for half an hour, cooled in a desiccator, and weighed. If the change in 
weight is less than 0.5 milligram, the weight is considered as constant 
and the weight of the crucible is deducted from the last weighing. 
If the change is greater than 0.5 milligram, the ash is ignited again 
for 30 minutes and weighed, and the process is repeated until the 
variation in weight between two successive ignitions is 0.5 milligram 
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or less. The weight of the crucible and ash, minus the weight of the 
crucible, is taken as the weight of the ash. 

In the analysis of coals high in iron some difficulty is often experi- 
enced in igniting to constant weight because of the oxidation and 
reduction of iron compounds. 

Ash, as determined by the above method, represents the ignited 
mineral matter in coal. This mineral matter consists largely of 
hydrated silicates, carbonates, sulphides, sulphates, etc., of aluminum, 
iron, calcium, magnesium, and other bases; all of these compounds 
lose considerable weight upon ignition. The alterations in the 
mineral matter during the determination of ash cause corresponding 
variations in the oxygen percentage, because the latter is always 
determined by difference. 


VOLATILE MATTER. 


A 1-gram sample is weighed into a 30-c. c. platinum crucible with a 
close-fitting cover. It is essential that the crucible be kept perfectly 
’ clean and well burnished. The crucible is heated for seven minutes 
upon a platinum triangle over a Bunsen burner flame 20 centimeters 
high.¢ The crucible should be placed in the triangle so that the bot- 
tom is 6 to 8 centimeters above the top of the burner. The flame is 
surrounded by a jacket to prevent the disturbing action of drafts. 
After being heated seven minutes the crucible is cooled and weighed. 
The loss in weight represents volatile matter plus moisture. Lignites 
high in moisture must be heated very gradually until the moisture 
has been driven off in order to avoid losses from material thrown out 
of the crucible by the rapid escape of moisture.? 

A number of experiments have been made in the laboratory of 
the Bureau of Mines to ascertain the accuracy of the official method 
for the determination of volatile matter and the conditions of manipu- 
lation that may vitiate the results. Some of these results are sum- 
marized as follows: Two laboratories, though they both use the 
official method, are liable to make volatile matter determinations 
that differ 2 per cent. The percentage of volatile matter obtained 
from the same sample of coal varies with the temperature and rate 
of heating. This is not sufficiently defined by height of flame. 
Temperatures ranging from 760 to 890° C. may be attained with a 
20-centimeter natural gas flame, by varying the gas pressure from 1 
to 13 inches of water; variations of 2 per cent in volatile matter 
determinations are thus produced. Difference in type and size of 
burner influence results from 0.3 to 1.5 per cent. Polished crucibles 


a¥or the use of a Meker burner, and other refinements in the volatile matter determination, see 
Technical Paper 8, Bureau of Mines, 1913. 
> For a discussion of such losses, see U. S. Geol. Survey Bulletin 323, p. 36. 
_ ¢Fieldner, A.C., and Davis,J.D. Some variations in the official method for the determination of 
volatile matter in coal. Jour. Ind. and Eng. Chem., July, 1910, p. 304. 
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become hotter and yield about 1 per cent more volatile matter than 
dull gray ones. 

Laboratories using natural gas are apt to get results on volatile 
matter that are considerably lower than those obtained by laboratories 
using coal gas, unless the following precautions are observed: 

1. Gas should be supplied to the burners at a pressure of not less 
than 10 inches of water. 

2. When natural gas is used burners admitting an ample supply 
of air should be used. 

3. Gas and air supply should be regulated so that a flame with a 
short, well-defined inner cone is produced. 

4. The crucibles should be supported on platinum triangles and 
kept well polished. 

NITROGEN. 


Nitrogen is determined by the well-known Kjeldahl method. One 
gram of the coal sample (60 mesh) is boiled with 30 cubic centimeters 
of concentrated sulphuric acid and 0.5 gram of mercury until all 
particles of coal are oxidized and the solution is nearly colorless. 
Crystals of potassium permanganate are added, a few at a time, until 
oxidation is completed. The solution is cooled and then diluted 
with about 200 cubic centimeters of water. Forty cubic centimeters 
of potassium sulphide solution, 80 grams per liter, is added to pre- 
cipitate the mercury. The ammonia is distilled from the solution, 
after the addition of an excess of sodium hydroxide, until about 
200 cubic centimeters of distillate has passed over into the Erlen- 
meyer flask containing the standard acid. The ammonia is collected 
in a Measured amount of this acid, and the excess of acid is titrated 
with standard ammonia solution (20 c. c. NH,OH solution = 10 e. ec. 
H,SO, solution = .05 gram nitrogen), using cochineal as an indicator. 
A small quantity of granular zine added to the contents of the flask 
during the final distillation of the alkaline solution prevents bump- 
ing, and the addition of a piece of paraffin the size of a pea prevents 
frothing. 

SULPHUR. 


Sulphur is determined by the Eschka method. Eschka mixture is 
made by thoroughly mixing 2 parts of light calcined magnesium 
oxide (MgO) with 1 part of anhydrous sodium carbonate (Na,COQ,). 

A 1-gram sample of the coal (60 mesh) is thoroughly mixed in a 
30-cubic-centimeter platinum crucible with about 2 grams of Eschka 
mixture, and about one-half gram of Eschka mixture is spread over 
the top of the sample to form a cover. The crucible is placed on a 
triangle in a slanting position, and the mixture is burned out over 
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an alcohol, gasoline, or natural gas flame. Artificial gas, as a rule, 
contains so much sulphur that its use introduces an error in the 
determination, owing to the uncertainty regarding the quantity of 
sulphur taken up by the mixture. The flame must be very low at 
the start so as not to drive off the volatile matter fast enough to 
allow the sulphur to escape unburned. The contents of the crucible 
should never be heated hot enough to cause the blackening of the 
cover of Eschka mixture. It is easy to detect a very small loss of 
sulphur dioxide (SO,) by the odor. 

After the crucible has been heated slowly and cautiously for about 
30 minutes the heat is increased; after the crucible becomes red hot 
the contents are stirred occasionally and the heating is continued 
until all black particles are burned. The crucible is then allowed to 
cool; the contents are transferred to a 200-cubic-centimeter beaker 
and digested with 75 cubic centimeters of hot water for at least 30 
minutes. The solution is filtered into a 300-cubic-centimeter beaker; 
the residue is washed twice with hot water by decantation, and after 
transfer to the filter paper, is washed with small quantities of hot 
water until the volume of solution in the 300-cubic-centimeter beaker 
is about 200 cubic centimeters. About 4 cubic centimeters (or a 
slight excess) of saturated bromine water and just enough concen- 
trated hydrochloric acid to make the solution slightly acid are added. 
The solution is boiled and the sulphur is precipitated as BaSO, by 
adding 20 cubic centimeters of a hot 5 per cent solution of barium 
chloride. The solution in the beaker should be stirred continually 
and the barium chloride solution should be added slowly from a 
pipette. The chemist should be sure that the solution in the beaker 
is acid to litmus. The solution and precipitate should be allowed to 
stand at a temperature just below boiling for at least two hours. 
They should then be filtered on ashless filter paper and washed— 
first with hot water containing 1 cubic centimeter of hydrochloric acid 
per liter and then with hot water—until a drop of the filtrate gives 
no precipitate from silver nitrate solution. An excess of barium 
chloride should be tested for by adding a few drops of sulphuric acid 
solution to the filtrate. The precipitate is ignited in-a weighed 
porcelain crucible with free access of air; the paper is loosely folded 
over the precipitate to prevent spattering. The paper should be 
smoked off gradually, and the final heating should not be above a 
dull red. After the paper is completely burned, the heating should 
be continued a few minutes; then the crucible should be cooled and 
weighed. The weight of barium sulphate times 13.7 = pack the per 
centage of sulphur in the sample. 
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ULTIMATE ANALYSIS. 


The ultimate analysis of samples is made in a gas-combustion 
furnace, Glazer type, with 25 burners. 

The apparatus used comprise duplicate purifying trains, a com- 
bustion tube in the furnace, and an absorption train. The purifying 
trains contain the following purifying reagents arranged in the order 
of the passage of air or oxygen through them: Sulphuric acid, potas- 
sium hydroxide solution, soda lime, and granular calcium chloride. 
One of the trains is for air and one for oxygen. In the scrubbing 
bottles containing the sulphuric acid and the potassium hydroxide 
the air and oxygen bubble through about 5 millimeters of the reagent. 
Both purifying trains are connected by a Y-tube to the combustion 
tube, the joint being made tight with a rubber stopper. 

The combustion tube, of hard Jena glass, has an internal diameter 
of about 15 millimeters, and a total length of 1 meter. The first 
30 centimeters of the tube is empty, then comes an asbestos plug 
(acid washed and ignited); the next 40 centimeters is filled loosely 
with copper oxide wire; a second asbestos plug, similar to the first, 
separates this wire from 10 centimeters of fused lead chromate, 
which is held in place by another asbestos plug 20 centimeters from 
the end of the tube. The end of the tube is drawn out so that it can 
be connected to the absorption train by rubber tubing. The absorp- 
tion train consists, in order, of a Marchand tube filled with granular 
calcium chloride (to absorb moisture); a Liebig bulb, containing 30 
per cent potassium hydroxide solution in which the iron has been 
oxidized by a little potassium permanganate. A guard tube, con- 
taining soda lime and granular calcium chloride, is attached to this 
Liebig bulb to absorb any carbon dioxide that passes the potassium 
hydroxide solution, and any. water evaporated from that solution. 
This guard tube is always weighed with the Liebig bulbs. The train 
is connected to an aspirator which draws the products of combustion 
through the entire train. The suction is kept constant by a Mar- 
iotte flask. A guard tube containing calcium chloride prevents mois- 
ture from running back into the absorption train. 

Aspirating the gases instead of forcing them through the train has 
the advantage that the pressure on the rubber connections is from 
the outside and the connections are kept gas tight more easily. The 
connections are made as tight as possible. The usual test for tight- 
ness is to start aspiration at the rate of about three bubbles of air 
per second through the potash bulb and then close the inlet for air 
and oxygen at the other end of the train. If there are not more than 
five bubbles per minute in the Marriotte flask the apparatus is con- 
sidered tight. 
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After the train has been idle some hours, or after any changes 
in chemicals or connections, a blank is run; about 1 liter of air is 
aspirated through the train which is heated in exactly the same 
manner as if a determination were being made. If the change in 
weight of the Liebig bulb and the tube containing calcium chloride 
is less than 0.5 milligram the apparatus is in condition for use. 

A 0.2-gram sample of coal is weighed into a platinum or porcelain 
boat. The boat and sample are placed in a glass weighing tube that 
is closed with a stopper to prevent moisture changes. After the 
absorption tubes are connected the boat and sample are transferred 
from the weighing tube to the combustion tube. The latter should 
be cool for the first 30 centimeters; the copper oxide should be at a 
bright-red and the lead chromate at a dull-red heat. The boat 
should be transferred from the weighing to the combustion tube as 
quickly as possible. 

As soon as the boat is in place (near the asbestos plug at the begin- 
ning of the copper oxide) the stopper connecting with the purifying 
train is inserted and the aspiration is started with pure oxygen gas 
at the rate of three bubbles per second. One burner is turned on 
about 10 centimeters back from the boat and the aspiration is con- 
tinued carefully until practically all the moisture is expelled from 
the sample. The heat is then increased very gradually until all the 
volatile matter has been driven off. In driving off the volatile mat- 
ter it is essential that the heat be applied gradually in order to pre- 
vent a too rapid evolution of gas and tar that may either escape 
complete combustion or may be driven back into the purifying train. 
The heat should be gradually increased by turning on more burners 
under the empty part of the tube until the sample is ignited; then the 
temperature can be increased rapidly, but care should be taken not 
to melt the combustion tube. The aspiration with oxygen is con- 
tinued for two minutes after the sample ceases to glow, when the 
heat is turned off and about 1,200 cubic centimeters of air is aspirated. 
The absorption bulbs are then disconnected and weighed. The 
increase in weight of the Liebig bulbs times 136.36 equals the percent- 
age of carbon. The increase in weight of the calcium chloride tube 
times 55.55 equals the percentage of hydrogen. The ash in the boat 
is weighed and carefully inspected for any unburned carbon which 
would destroy the value of the determination. 


DETERMINATION OF CALORIFIC VALUE. 


The apparatus used is the Mahler bomb calorimeter, which is too 
well known to require a detailed description. Following is a brief 
description of the details of operation for determining the heating 
value of coal. 
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A 1-gram sample of coal is placed upon an asbestos mat in the 
bottom of the platinum tray; the terminals of the firing circuit are 
connected by means of a fine iron wire weighing about 13 milligrams. 
This iron wire is bent down so as to touch the coal sample in the tray. 
The tray is then placed in the bomb and the lid screwed down tightly 
against the lead gasket. Oxygen is forced into the bomb until the 
manometer recording the pressure within the bomb reads 18 to 20 
atmospheres. The needle-point valve is then closed just tight enough 
to prevent leakage of gas. The oxygen must be admitted very slowly 
to avoid blowing any particles of coal dust out of the tray. With 
some extremely light materials, such as peat, it is best to briquet the 
sample and take a weighed portion of broken briquets instead of 
powdered material. 

The bomb filled with oxygen is placed in the brass bucket, which 
contains about 2,400 cubic centimeters of distilled water, this bucket 
having been previously placed in the insulated jacket. The stirring 
apparatus is adjusted so that it touches neither bucket nor bomb. 
The thermometer is inserted until its bulb is about 5 centimeters 
from the bottom of the bucket and is in contact with no metal parts 
of the apparatus. The terminals of the bomb are connected with 
wires leading to the switch. After the stirrer has been in motion for 
about a minute—that is, after the water has been thoroughly mixed— 
the first reading of the thermometer is taken by means of a telescope at- 
tached to a cathetometer. The thermometer is graduated to 0.01°C. 

The total time required for a determination may be divided into 
three periods—the preliminary period, the combustion period, and the 
final period. The preliminary period usually requires five readings 
taken one minute apart, or until the rate of change per minute is 
nearly constant. After taking the fifth reading the current, 75 
volts, is turned on for about one-half second. This is the beginning 
of the combustion period. The first two readings in this period are 
taken one-half minute apart because the change in ratio is great. 
The temperature rises to a maximum and then begins to fall; after 
its rate of fall becomes uniform, the readings are taken every minute 
for five or six minutes. The final reading of the combustion period 
is the first reading taken after the rate of fall becomes uniform. 

The following figures are from an actual determination and show 
the method of calculating the result and the corrections applied: 
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Method of calculating from calorimeter readings. 
[Sample No. 10743. Weight 1.0000.) 


Time. Readings. 
°C 


1.54 23.874 


‘BD 23.879 
56 23.885 
57 23.892 
58 (T) 23.897 
58h 24.160 
59 25.430 
60 26.280 
2.01 26.439 
02 26.463 
03 26.466 
04 t 26.463 
05 26.460 
06 26.458 
07 26.455 
08 26.454 
09 26.450 


0.0058 rate of change 26. 463° 
in preliminary period 23. 897 
Observed temperature 
change 2. 566 
Thermometer correction . 002 
+2 0.0058 2. 564 
+50.0027 Heat loss 0. 0066 
+20.0049 2. 5706 
+50.0014 Water equivalent . 3000 
+20.0008 Total heat developed (ca- 
lories) 7, 711.8 
— 50.0006 Correction 41.4 
—20.0020 Heat developed by com- 
~-  —b0,0023 bustion of sample (calories) 7, 670.4 
—20.0025 
— 60.0026 
—20.0026 
— 60.0026 
—20.0026 
— 50.0026 
— 0.0066 algebraic sum. 
— 0.0026 rate of change in final period. 
. Calories. 
Wire burned=11. 2 mg. =19.0 
Dee tl cle.—5 e€al_), 2.5 ¢. ¢. —ias 


Sulphur (0. 01 gm.=13 cal.), 0.76 gm. = 9.9 


Room temperature=24° C. 


If A equals the rate of change during the preliminary period and 
B equals the rate of change during the final period, then A—B 
equals the change in rate during the combustion period. 

If T equals the initial temperature of the combustion period and ¢ 
the final temperature of the combustion period, then T—¢ equals 
the apparent change in temperature during the combustion period. 


Then ae =the change in rate per degree of temperature change 


during the combustion period. 

Let the temperature readings during the combustion period be 
represented by ¢,, ¢,, t,, etc., or in general by ¢,, then the computed 
rate per minute of temperature change at each reading is found by 
the following formula: 


joel as — 


aComputed rate per minute of temperature change at each reading. 
6 Temperature correction for heat loss during each interval. 
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The temperature correction for heat loss during each interval 
is found by multiplying the mean of the computed rate per minute 
of temperature change for any two readings by the interval in minutes. 
The algebraic sum of these temperature corrections for heat loss 
equals the total correction for heat loss; this in the example given 
is —0.0066° C. This quantity is added to the observed temperature 
change (corrected for errors in the thermometer), and this sum multi- 
plied by the weight of the water plus the water equivalent of the 
apparatus gives the total heat developed. Further corrections must 
be made for heat due to the formation of aqueous nitric acid and 
sulphuric acid and to the combustion of the iron wire. The cor- 
rection for iron wire is 1.7 calories per milligram. The correction for 
sulphur burned to sulphuric acid is 13 calories per centigram. The 
correction for nitrogen to aqueous nitric acid is made by titrating the 
bomb liquor with standard ammonia solution (0.00574 gram NH, 
per c. c.). This solution is equivalent to 5 calories per cubic centi- 
meter. 

After the combustion of the coal in the calorimeter, the bomb is 
washed out thoroughly. The washings are titrated with standard 
ammonia solution (0.00574 gram per c. c.), methyl orange being 
used as an indicator. The acidity is due to the formation of 
nitric acid from the nitrogen of the coal and the nitrogen of the 
air in the bomb and to the sulphuric acid formed from the com- 
bustion of the sulphur in the coal. The sulphur can be easily deter- 
mined by precipitation as barium sulphate. It is convenient to make 
the ammonia solution of such strength that 1 cubic centimeter is 
equivalent to 0.00473 gram of nitrogen, for this weight of nitrogen 
burned to N,O, plus water generates 5 calories of heat. The figures 
are derived as follows: 

The calorific value of nitrogen burning to N,O;+water is 1,058 
calories per gram. 


1,058 calories : 5 calories=1 gram : 0.00473 gram. 


Therefore 0.00473 gram nitrogen generates 5 calories of heat when 
burned to aqueous HNO,. 
The ammonia solution is made up according to the equation: 


HNO, + NH,=NH,NO,. 
Since N=14 and NH,=17, 
14 :17=0.00473 gram : 0.00574 gram. 


Therefore 0.00574 gram NH, is equivalent to the nitrogen which 
when burned to aqueous HNO, generates 5 calories of heat. The 
standard solution contains 5.74 grams of NH, per liter. The solution, 
when used to titrate the bomb liquor after the combustion of a coal 
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sample, must satisfy not only the nitric acid formed but also any 
sulphuric acid resulting from the combustion of the sulphur in the 
coal. 

The strength of the ammonia solution in terms of sulphur in the 
form of sulphuric acid is determined by the following equation: 


2NH, + H,SO, = (NH,),SO,. 
Since 2NH, =34 and S=32, 
34 :32=0.00574 gram NH, : 0.0054 gram S. 


The heat of combustion of sulphur to aqueous H,SO, is 4,450 
calories per gram of sulphur. In the ordinary combustion of coal 
under a boiler the sulphur burns to sulphur dioxide (SO,), the heat 
of formation of which is 2,250 calories per gram of sulphur. The 
difference between these two calorific values (4,450 calories minus 
2,250 calories) is 2,200 calories per gram of sulphur. The calorific 
value of a coal is determined to indicate the heat generated by that 
coal when burned under a boiler, and therefore it is necessary to 
make a correction in the calorimeter determinations, the difference 
in the calorific values due to the sulphur compounds formed, of 2,200 
calories per gram of sulphur. One cubic centimeter of the ammonia 
solution is equivalent to 0.0054 gram of sulphur; 0.0054 times 2,200 
equals 11.9 calories, the heat correction to be made if all the acidity 
of the liquor from the bomb represented H,SO,. 

Hence the ammonia solution containing 0.00574 gram NH, per 
cubic centimeter is equivalent to 5 calories for nitrogen converted 
to aqueous nitric acid or to 11.9 calories for sulphur converted to 
aqueous H,SO,. A further correction, therefore, must be applied 
for the sulphur that is determined separately. This correction is a 
function of the difference between the value of the ammonia solution 
in terms of sulphur (11.9 calories), and its value in terms of nitrogen 
(5 calories) or 6.9 calories. The difference, 6.9, divided by 0.0054, 
the value of 1 cubic centimeter of ammonia solution in grams of 
sulphur, equals 12.76 calories per gram of sulphur, or 13 calories for 
each per cent of sulphur. 

Thus the correction for total acidity equals the number of cubic 
centimeters of NH, solution multiplied by 5 (the factor for nitric 
acid) plus the percentage of sulphur multiplied by 13. ‘ 


STANDARDIZATION OF THE CALORIMETER. 


The first factor to be considered in calorimetric work is the correct 
determination of the water-equivalent value of the apparatus. This 
may be determined by a number of methods, as follows: 

1. By adding the products of the weight of the different parts of 
the apparatus times their specific heat. 

99500°—Bull. 22—13——-3 
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2. By generating heat within the bomb by passing a measured 
electric current through a known resistance. 

3. By adding definite weights of water at different temperatures 
to the system and noting the corresponding temperature changes. 

4. By varying the quantity of water surrounding the bomb and 
keeping the heat generated within the bomb constant. 

5. By the combustion of a substance of known calorific value. 

The bombs used in the Pittsburgh laboratory of the Bureau of 
Mines are standardized by the first and fifth methods. 


STANDARDIZATION BY METHOD OF SPECIFIC HEATS. 


Bomb No. 411 was standardized by the first method. The water 
equivalent value, 516, was derived in the manner shown below: 
Standardization of calorimeter by method of specific heats. 


Weight Specific Water 
(grams). heat. equivalent. 


Steel... .. 20-52 cn os ee eee ee la te 3, 946. 42 0. 1097 = 432. 92 
Brass... oe0 ccs 2 2 = ce Pee ee ee eI oo eich mere ae 732.9X20.093 = 68.16 
Lead, mercury, platinuni: {sense aeeee sa ee 81.6X20.0324= 2.64 
Enamel ......: 52232082043 Sepp EnEen eee 2S ogee 20.050.2045= 4.09 
Glass ..52-58 RA er eS OL 35 Sa ee Sac - 11.5X¢0.1988= 2.29 
Oxygen. . ..<.c2ac2seen Se noe oe een ooo eee 14.0X20, 2175 = 3.05 
Water... .. 2. ssc peneea ene eee eee es eee 3.0X 1 = 3.00 

516. 15 


The standardization of a Mahler bomb calorimeter by the above 
method is rather unsatisfactory, because of the difficulty in accu- 
rately weighing all the parts. In fact, it is possible only to estimate 
the weights of such parts as the enamel. The immersion of the parts 
is another factor of considerable importance. Certain parts of the 
bucket, stirrer, and bomb are not completely immersed. 

The water equivalent value obtained by this method was used to 
check the value obtained by the fifth method, the combustion of a 
substance of known calorific value. 


STANDARDIZATION BY COMBUSTION OF MATERIAL OF KNOWN CALORIFIC VALUE. 


The writer regards the determination of the water equivalent 
value of the calorimeter by the combustion of definite weights of 
substances of known calorific value as the most satisfactory method 
of standardization. 

The following substances were used: Naphthalene, calorific value 
9,660; benzoic acid, calorific value 6,322; and cane sugar, calorific 
value 3,959. 


a Stohman. b Louguinine. c Landolt and Bornstein. 
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The average of 15 determinations with naphthalene, benzoic acid, 
and sugar gave 500 as the water equivalent of the calorimeter; 2,500 
grams of water were added to the calorimeter so that the total water 
and water equivalent value of the apparatus was equivalent to 3,000 
grams of water. 

The average of four determinations on sucrose (supplied by the 
Bureau of Standards) having a calorific value of 3,957.6 calories per 
gram was, with this calorimeter, 3,955 calories per gram. 

The average of nineteen determinations on benzoic acid (Kahl- 
baum’s) was 6,336 calories per gram. 

The calorific value of a number of substances is given in the follow- 
ing table: 

Calorific value of various substances. 


Calorific value 
Substance. (calories per gram). Authority. 
Benzoic acid. ..... ite ees ee ane Se 6,322 Sherman and Snell. 
SE eee are 6,322 Atwater and Snell. 
ae 6,322 Stohman. 
os SS 6,322 Berthelot. 
ee ee eee 6,333 Fischer and Wrede. 
Sh 6,325 Roth. 
nS Sa See 6,330 (Recommended by Bureau of Standards.) 
Camphor...... 9,290 Atwater and Snell. 
ls 9,292 Stohman. 
0 Ee 9,288 Berthelot. 
Cane sugar. - 3,959 Sherman and Sneil. 
_ .. eee 3,959 Stohman. 
0 eee 3,962 Berthelot. 
ees 3,959 Tower. 
4 Se 3,957 Fischer and Wrede. 
A 3,952 Roth. 
_ Sn ee 3,958 (Recommended by Bureau of Standards.) 
Hippuric acid......... 5,664 Atwater and Snell. 
a oe ao 5s -- 5,668 Stohman. 
«eee 5,659 Berthelot. 
Naphthalene ........ be seo sees 9,692 Berthelot. 
0 eee 9,628 Stohman. 
eee 9,660 Atwater and Snell. 
 . 3 9,640 Roth. 


The values used by Atwater and Snell are averages of the Stohman 


and the Berthelot values. 


IGNITING THE FUEL WITHIN THE BOMB. 


The sample is ignited by an electrically heated iron-wire fuse 
mounted between two platinum terminals. The accompanying 
diagram (fig. 2) shows the electrical connections when the current is 
derived from a 220-volt direct-current circuit. The iron-wire fuse 
is in series with a lamp bank of sixteen 16-candlepower incandescent 
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lamps. A second resistance of about 14 ohms is shunted across the 
heating coil. The purpose of the shunt is to reduce the voltage 
across the terminals of the heating coil after the coil is fused, and, 
consequently, to reduce the leakage of current between the terminals, 
which are partly immersed in the water surrounding the bomb. 
Observations made immediately after the fusing of the coil show that 
the electromotive force of the current at the terminals is 75 volts and 
the strength of the current is 0.0052 amperes. The insulation resist- 
ance is, therefore, 14,400 ohms. 


220-volt circuit 


16 16-C.P. lamps 


5099505855 00006 


esistance, 14 ohms 


Iron wire fuse 
105 mm. long. 
162 mm. diam. 


FicuRE 1. Electrical connections for fuse in calorimeter. 


The water used in the calorimeter is changed twice each day, and 
not more than 10 determinations are made with the same water. In 
heating the iron wire-fuse the circuit is never closed for as long a time 
interval as one second; consequently, the heat imparted to the system 
by the passage of the current through the water is so small as to be 
negligible. If E equals the electromotive force, I the strength of the 
current, and ¢ the time in seconds, then the heat generated by an 
electric current is equal to 0.239 Elt. Substitution of the above 
readings gives 0.239 X75 X 0.0052 = 0.09 calories per second—the quan- 
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tity of heat generated per second by the electric current that passes 
through the bomb and water after the wire fuse is burned. 

It is difficult to calculate the heat generated by the current in 
passing over the iron-wire fuse before the latter burns, because the 
resistance of the iron differs at different temperatures. However, 
the heat from this source is practically a constant for each deter- 
mination. 

The following table shows the quantity of energy dissipated by 
the circuit through the wire fuse as the number of lamps in the circuit, 
is increased: 

Heat dissipated by wire fuse of calorimeter. 


Number of lamps in circuit. | Current passed. ductrets 4 
: 
Calories 
Volts. Amoperes. Watts. | per second. 
a ona nie so Ao semen dene <acccsremecenece 1.00 -41 -41 -10 
nn cca ccanacewecacreraqases- | 1.03 .63 -65 215 
cs esos. ee eee eee | 1.13 85 96 2B 
a see Do + ek eee 1.26 1.06 1.34 ~32 
ee nnn se oes aclndeeescecncesamcmeneses 1.67 1.27 2.12 -51 
eo a an oe one bee cebee ceoceee sa] 1.99 1.46 2.91 .69 
ee toe SETS ee 2.77 1. 66 4. 59 1.10 
ee ee a riecacaceoescccscancncscescs= | 3. 86, 1.86 7.18 1.72 
ee Ee ee ae 12. 50 1.88 23. 54 5. 63 
| Sa en eS SR (RES LE aoe Pp nS 


a Fuse wire burned. 


The following shows the time required for the burning of the wire 
fuse when the number of lamps in the circuit is varied: 


Time required for burning wire fuse of calorimeter. 


Number of lamps Time required 
in circuit. (seconds). 

10 (wire does not burn). 

Perr td et eee oe ek Set ave DS ok weiss oak 7.8 
Et be 7 ben ES PY iene a pee 9 Sipe Ss “Se ed a a 1.4 
ios. a ee ane aan ap ee eee eee L2 
tin. vce hiclege 4 ee ini SS RR Se ea ee See ad A ae oh ee 1.0 
neni. tes HN Pea 2 Le nee, Se ees eee ee 8 
eS Pater sho Ps See eT ce less than .5 


CALCULATION OF RESULTS. 


For convenience in comparing the analyses, the results have been 
figured to different bases of comparison and are given for ‘‘coal as 
received,” “moisture free”’ or ‘‘dry coal,” and ‘‘coal, moisture and ash 
free.” No claim is made that any of these results actually represent 
the so-called ‘‘pure coal’’ or ‘‘true coal substance.” 

“‘Pure coal” is a much-mooted question. It is difficult, if not im- 
possible, to determine just how much of the ash and sulphur are in 
chemical combination with organic matter and form part of the “pure 
coal substance.” Coal analyses reduced to the ‘‘moisture and ash 
free’’ basis are convenient for comparison and undoubtedly represent a 
close approximation to the ‘‘pure coal substance.” 
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The calculations to the different bases of comparison are made 
according to the following formulas: 


Calculation from “‘air dried” to ‘‘as received” condition. 


« Air dried” condition. 


“ As received”’ condition. 


Moisture at 105° C. ee dry loss moisture. 
Volatile matter ee =volatile matter. 
Fixed carbon Gee =fixed carbon. 
Ash a =ash. 

Sulphur —————— =sulphur - 
Hydrogen Se =hydrogen. 
Carbon ee =carbon. 
Nitrogen = =nitrogen. 
Dace ae = loss Yi (air es loss) = yeas 
Calorific value aaa as =calorific value. 


CaloriesX1.8=B. t. u. 


100 


Du Long’s formula for calculating the heat value from the ultimate 


analysis is as follows: 


Weight carbon X8,080+(weight hydrogen — 


2,250=calories per gram. 


weight oxygen 
8 


) x84,460-+ weight sulphur 


Calculation from ‘‘ air dried’’ to ‘‘moisture free” condition. 


“Air dried’ condition. 


Volatile matter 
Fixed carbon 
Ash 


Sulphur 


100 

x 100 —moisture 
100 

x 100 —moisture 
100 

100 —moisture 
100 

x 100— moisture 
100 


“Moisture free’’ condition. 


=volatile matter 
=fixed carbon 
=ash 


=sulphur 


Hydrogen(--} moisture) < 100 —moisture = BYdrogen 


Carbon 


Nitrogen 


Oxygen(—§ moisture) 


Calorific value 


100 

100—moisture 
100 

x 100 — moisture 
100 

x 100 —moisture 
100 

x 100—moisture 


=carbon 
=nitrogen 
=oxygen 


=calorific value 


The analyses are calculated to the “moisture and ash free”’ basis 
by taking 100—(moisture+ash) as a divisor and proceeding other- 
wise exactly as in the calculation to the “dry coal” basis. 


EXPLANATION AND INTERPRETATION OF ANALYSES, 
By A. C. FIeLDNER. 


The analyses given in the following table are arranged in the 
manner thought to be the most convenient for ready reference. 
The coal-producing States, the counties, and the places at or near 
which the samples were collected are printed in alphabetical order, 
Thus the first sample in the table is under Alabama, Bibb County, 
and the location is given as “ Belle Ellen, Youngblood bed,” showing 
that the coal came from a mine working in the Youngblood bed, at or 
near Belle Ellen, Bibb County, Alabama. The descriptions of the 
situation of the points at which samples were taken in mines are 
believed to need little explanation. The term “cut” or “length of 
cut’’ refers to the thickness of the coal sampled, not the thickness 
of the bed. The term “waste sample” signifies that the sample 
represented coal not included in commercial shipments at the time 
of sampling. 

The third column in the table shows the kind of sample, whether 
mine or car. The term “‘mine sample” refers to the small samples 
collected from the bed by representatives of the United States Geo- 
logical Survey; the term “car sample” refers solely to the samples 
collected from cars of coal shipped to St. Louis by inspectors of the 
fuel-testing plant for tests in a large way. 

The numerals in the fourth column of the table, headed ‘‘ condi- 
tion,” refer to the ways of reporting each analysis: 1 signifies that the 
sample is figured on coal “as received,” and shows the analysis cor- 
rected for the entire amount of moisture found in the sample; 2 refers 
to analysis on the “moisture-free’’ basis; 3 refers to the analysis on 
a “moisture and ash free” basis; 4 refers to the analysis calculated 
to a ‘‘moisture, ash, and sulphur free’’ basis. 


PROXIMATE ANALYSIS. 


In a proximate analysis the chemist determines important or tech- 
nically known parts of a material, as moisture or ash. The term 
proximate does not signify that such an analysis is only approxi- 
mately correct. With sufficient care the determinations of a proxi- 
mate analysis may be closely duplicated provided the determinations 
are always made under exactly similar conditions. 


MOISTURE. 


The water in coal is usually classed under two heads: (a) Loosely 
retained or mechanically held moisture, such as is present in coal 
27 
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that has been rained on; (6) moisture retained by coal that has 
reached an air-dry condition. The main reason for air drying coal 
in the laboratory is to bring the coal into a condition that permits 
the making of the analysis with greatest convenience and accuracy. 
The extent to which coal dries varies with the temperature of the 
air, the humidity, and the fineness to which the coal is crushed. 

A sample of coal that is air dried at ordinary temperatures until 
it does not lose weight retains moisture that is given off when the 
temperature rises. ‘The proportion of this more tenaciously retained 
moisture is determined by heating the finely powdered air-dried 
sample in air at a temperature slightly above the boiling point of 
water. It is considered that one hour’s heating at 105° C. (221° F.) 
expels all the free or loosely held water in coal. In the table the 
percentage of moisture given in the analysis for the “as received”’ 
condition represents all the moisture removed from the sample. 


VOLATILE MATTER AND FIXED CARBON. 


In the proximate analysis of coal, volatile matter and fixed carbon 
are determined by heating a finely powdered sample of the coal in a 
crucible, under prescribed conditions, for exactly 7 minutes. The 
volatile matter comprises combustible gases, some inert gas, and the 
water formed by the decomposition of the coal, but does not include 
the water removed from the coal by drying at a temperature of 
105° C. The weight of the coke left in the crucible, less the weight 
of the ash, is reported as ‘‘fixed carbon.”” The weight of the fixed 
carbon does not represent all the carbon in the sample of the coal, 
as a considerable quantity of carbon combined with hydrogen is 
driven out in the volatile matter; furthermore, the fixed carbon is 
not pure carbon, but contains hydrogen, sulphur, oxygen, and nitro- 
gen. Itshould be clearly understood that the term “ volatile matter” 
or “‘volatile combustible matter’’ does not signify a definite com- 
pound that was in the coal before it was heated. Different degrees 

_or rates of heating will give more or less volatile matter. 


DIFFERENCES IN VOLATILE-MATTER DETERMINATIONS. 


Volatile matter determinations made in different laboratories may 
not agree closely, even though each laboratory conforms to the 
method recommended by the American Chemical Society. This 
method prescribes the size of the flame, but does not consider 
the variations in flame temperature resulting from differences in the 
composition of the gas used and in the pressure at which it is supplied. 
to the burner. Hence the volatile matter, and consequently the 
fixed carbon, determinations published in this bulletin are not di- 
directly comparable throughout, because the work was done in three 
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different laboratories, under four different sets of conditions. In 
making comparisons, the determinations should be considered in 
four groups, as follows: 

Group 1, laboratory Nos. 1 to 5146, inclusive. These determina- 
tions were made in the St. Louis laboratory, where gasoline gas was 
used for fuel. 

Group 2, laboratory Nos. 5147 to 7100, inclusive. These determi- 
nations were made while the laboratory was in the Carnegie Technical 
Schools, Pittsburgh, Pa., where natural gas was used as fuel. There 
is no record of the pressure at which the natural gas was supplied to 
the burners, but this pressure was probably about 10 inches of water. 

Group 3, laboratory Nos. 7101 to 9120, inclusive. These determi- 
nations were made after the removal of the laboratory to its present 
site, Fortieth and Butler Streets, Pittsburgh, Pa., where natural gas 
has been used for fuel. During the period of the determinations in 
this group, the low pressure of the gas at the burners gave much 
trouble. The pressure fluctuated between 14 and 5 inches of water, 
apparently varying with the demands of certain industrial establish- 
ments that were taking gas from the same main. 

Group 4, laboratory Nos. 9121 and over, were analyzed under the 
same conditions as group 3, except that the pressure of the gas at the 
burners was kept at 10 to14 inches of water. Withthe use of the Tyrell 
burner and a polished platinum crucible a temperature of about 880° 
C. was maintained in the interior of the coke, at a point about 2 milli- 
meters from the bottom of the crucible. 

Comparisons of analyses of samples of coal from the same mine 
show that the volatile matter and the fixed carbon determinations 
of group 1 and group 4 agree fairly closely; the variations are both 
plus and minus and as a rule within 1 per cent. The determinations 
of group 3, however, are distinctly lower in volatile matter and higher 
in fixed carbon than are those of group 1 and of group 4. The 
differences are about 3 per cent for low-volatile semibituminous coals 
and anthracite, and decrease gradually, as the volatile matter in the 
coal increases, to about 1 per cent for bituminous coals. The volatile 
matter determinations made while the laboratory was in the Carnegie 
Technical Schools (group 2) fall about midway between the determi- 
nations at the St. Louis laboratory (group 1) and those made with 
natural gas under low pressure (group 3). 

The volatile matter of some lignite and subbituminous coal sam- 
ples, designated in the table of analysis by an asterisk (*), was deter- 
mined by the modified official method. These samples were given a 
preliminary heating of 4 minutes over a small flame, and a final 
heating of 7 minutes over a flame 20 centimeters high. 
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ASH. 


Ash represents the mineral impurities left after burning coal. The 
weight of ash, however, is usually slightly less than the original 
weight of the mineral matter in the coal. The sources of ash are: 
(1) Mineral matter intimately mixed with the coal substance; and 
(2) layers of shale or ‘‘slate,” pyrites nodules, etc., in the coal bed. 

The percentage of ash from the first source is fairly uniform in 
different parts of the same bed. The percentage of ash from the 
second source varies considerably, dependent on the number and 
thickness of the partings and the care with which these are separated 
from the coal in mining. Coal ash is composed largely of silica, 
alumina, iron, and lime. The silica and alumina are derived chiefly 
from sand, clay, and shale in the coal bed; the iron oxide from 
iron pyrites; and the lime from carbonate and sulphate of lime. 
An ash with a high percentage of iron and lime is easily fusible and is 
likely to clinker badly in a furnace. 


ULTIMATE ANALYSIS. 


In an ultimate analysis of coal the chemist determines the propor- 
tions of carbon, hydrogen, oxygen, nitrogen, sulphur, and ash in the 
sample. These determinations, with the exception of the oxygen, 
may be made with a fair degree of accuracy. 


CARBON AND HYDROGEN. 


Carbon and hydrogen are the most important constituents of the 
more combustible matter and the chief heat-producing elements in 
coal. The proportion of hydrogen in most coals is less than 6 per 
cent, being least in anthracite. 


OXYGEN. 


The proportion of oxygen is found by subtracting the sum of the 
carbon, hydrogen, nitrogen, sulphur, and ash from 100; hence the 
value found is affected by all errors made in the other determinations. 
All the oxygen in the coal is considered as being combined with the 
hydrogen in the ratio (1:8) to form water. Hence the hydrogen thus 
combined and not available for producing heat is equal to one-eighth 
of the oxygen; the balance of the hydrogen is considered as com- 
bined with the carbon and contributing to the heating value of the 
coal. 

NITROGEN. 


The proportion of nitrogen in coal usually averages from 1 per cent 
to 2 percent. It is of interest mainly to the gas and coke manufac- 
turer, who recovers part of the nitrogen as ammonia. 
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SULPHUR. 


Sulphur, although classed as an impurity in coal, has a heating value 
when in the form of iron pyrites, of almost one-half that of the coal it 
replaces. For certain purposes, such as the manufacture of coke and 
illuminating gas, coals containing much sulphur are undesirable. 
Sulphur is commonly present as iron pyrites either in large lumps 
and bands or fine disseminated particles. It may also be present in 
combination with lime and magnesia as sulphates, or in combination 
with the coal substance as organic sulphur. 


CALORIFIC POWER OR HEATING VALUE. 


The calorific power or heating value of a fuel is the total amount of 
heat developed by the complete combustion of a unit weight of fuel. 
In the metric system of measurements the heat unit is the calorie. 
The calorie is the quantity of heat required to raise the temperature 
of 1 gram of water 1° C., the water being at the temperature at which 
its density is greatest. In the English system the heat unit is the 
British thermal unit. The British thermal unit is the quantity of 
heat required to raise the temperature of 1 pound of water 1° F., the 
water being at the temperature of maximum density, 39.1° F. Since 
1 pound of a fuel will heat 1 pound of water to just the same degree 
that 1 gram of fuel will heat 1 gram of water, the relation between 
British thermal units and calories, if the weight of water and the 
weight of fuel are expressed in the same units, becomes that of the 
thermometric scales; and as a centigrade degree is nine-fifths of a 
Fahrenheit degree, heat values expressed as calories may be con- 
verted into British thermal units by multiplying by nine-fifths, or 1.8. 

The most accurate method of determining the total heating value 
of coal is by burning a stated weight of it in a bomb calorimeter, as 
described on pages 17 and 18 of this report, and measuring the rise of 
temperature in a known quantity of water surrounding the bomb. 

In general the heating value or calorific power of a coal is an index 
of its commercial value. The calorific power determined with a bomb 
calorimeter can not be obtained from the same coal burned in a boiler 
furnace, because heat is absorbed in evaporating the water in the coal 
and in heating to the temperature of the flue gas the products of com- 
bustion and the air supplied for combustion. These losses vary with 
the character of the coal and the way in which it is burned. The net 
heating value that remains after the subtraction of these unavoidable 
losses is called the ‘‘available calorific value,’ or the ‘‘low heating 
value.” 


SIGNIFICANCE OF THE RESULTS OF AN ANALYSIS. 


The air-drying loss of a mine sample indicates to some degree the 
loss in weight after mining from the evaporation of loosely retained 
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moisture. The analysis of the coal ‘‘as received” shows the actual 
composition of the coal in the mine. After the coal has left the mine 
its moisture content lies between the limits of coal ‘‘as received,” 
and coal ‘‘air dried.”’ The analysis on a ‘‘moisture free” basis, 
represents the composition of the coal after drying at 105° C. (221° F.). 
The analysis stated on a ‘‘moisture and ash free” basis represents 
approximately the heating value and composition of the dry organic 
matter. This relation seems to be fairly constant for the same coal 
bed in certain districts, especially in the Appalachian region. Com- 
parison of numerous analyses shows that the ‘‘moisture and ash free” 
calorific values of different samples from the same mine and bed 
usually agree closely, provided the proportion and the character of 
the ash and the sulphur do not vary greatly. 


COMMERCIAL VALUATION OF COALS. 


For the commercial valuation of coals a proximate analysis and a 
calorific value determination are usually sufficient. Moisture and 
ash are of importance; they not only displace their own weights of 
combustible matter, but the evaporation of the moisture wastes heat. 
A high percentage of ash increases the cost of handling coal in a 
power plant and decreases the efficiency of the furnace. The ratio 
of the volatile matter to the fixed carbon indicates in a way the type 
of furnace best adapted for burning a coal with maximum efficiency. 
The smokeless combustion of coal containing a low percentage of 
volatile matter is not difficult in furnaces of ordinary types, but to burn 
a high volatile coal without smoke requires a suitably designed fur- 
nace. A high percentage of sulphur is undesirable in coal used for the 
manufacture of coke and gas. For ordinary steaming purposes 
sulphur is not a serious drawback unless associated with elements, 
such as iron or lime, that promote clinkering. 


TABULATED ANALYSES. 


On the following pages are given the analyses of the samples of 
coal collected by the United States Geological Survey during the 
period covered by this report. The detailed descriptions of the sam- 
ples, the geologic relations of the coal beds from which they were 
taken, and notes on mining conditions, preparation, and marketing 
of the coal are given in Part II, pages 323-1158. 
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